A trial was conducted to evaluate high levels of distillers dried grains with solubles (DDGS) in broiler diets throughout a 49 d growing period. Diets were formulated based on digestible amino acid content to contain 0, 10, 20, 30, 40, or 50% DDGS. Diets were formulated to be optimum nutrient density commensurate with approximately 1% supplemental poultry oil. Each dietary treatment was assigned to four replicate pens with 25 commercial male broiler chicks. Starter (0-14 d) and grower (14-35 d) diets were fed as pellets with finisher (35-49 d) diets fed as mash. Bulk density (mass/volume) was determined on all the diets. Body weights and feed consumption were determined at 14, 35, 42 and 49 d of age. At the conclusion of the study, five representative birds per pen were processed to determine dressing percentage and parts yield. Generally, the bulk density of pellet or mash diets in all different growth periods decreased as DDGS inclusion rates increased, especially in mash diets. Level of DDGS had little effect on body weight at any age until up to 20% inclusion, after which body weight declined significantly. Feed intake was not significantly affected by level of DDGS during all the periods except of 0-14 d. For the whole period (0-49 d), the estimated metabolizable energy intake by chickens was less as DDGS inclusion increased. Increasing DDGS levels significantly increased calorie conversion ratio (CCR, calorie/gain ratio), especially during the period of 0-42 and 0-49 d. Dressing percentage decreased linearly with increasing DDGS levels from 0-50%. There was a significant reduction in breast meat or leg quarter yield as a percentage of live weight with increasing DDGS inclusion, while birds fed higher levels of DDGS had higher wings as percentage of live weight. These results indicate that up to 30% DDGS could be used in broiler diets if price was justified. Inclusion of high levels of DDGS reduces the bulk density and pellet quality and may be a major reason for reduced performance. Low energy density of DDGS diets is probably the limiting factor in meeting the energy needs of the chick.
Introduction
Increasing amounts of corn are being used for producing ethanol for fuel, resulting in increased price and reduced availability of corn for poultry feed. Concomitant with the production of fuel alcohol the production of distiller's dried grains with solubles (DDGS), a co-product of the dry-mill ethanol industry, has increased tremendously. The high price of corn and soybean meal encourages the use of higher levels of DDGS than has typically been used in the past. To date, most research about "new generation" DDGS has centered on nutrient content and variability (Cromwell et al., 1993; Knott et al., 2004; Shurson, 2005; Robinson, 2005; Behnke, 2007) , with little emphasis on factors such as pellet quality and energy density, which can influence the utilization of DDGS in broiler diets. Thus, the objective of this experiment was to evaluate the feasibility of using high levels of DDGS in broiler diets and factors influencing its utilization.
Materials and Methods
Diets were formulated to meet nutritional standards typical of the U.S. poultry industry. Total amino acid 3 standards from the industry were converted to digestible requirements by taking 90% of the suggested value for total amino acids. Diets were formulated on an optimum density basis, using a constant 1% addition of poultry oil and maintaining nutrients in relation to dietary energy. Thus, dietary energy levels declined as the level o f DDGS increased in the formula. Nutrient composition values for corn and soybean meal were based on total and digestible amino acid values suggested by a major amino acid producer adjusted to the crude protein and 4 moisture content of materials used to mix the diets. The composite database suggested by Waldroup et al. (2007) was used for DDGS. Diets were formulated with 0, 10, 20, 30, 40 or 50% inclusion of DDGS, allowing the computer to select the optimum nutrient density while maintaining the ratio of essential nutrients to energy. Diets were fortified with complete vitamin and trace mineral mixes obtained from a commercial poultry integrator. Composition of diets for starter (0-14 d), grower (14-35 d) and finisher periods (35-49 d) are shown in Tables 1, 2 and 3, respectively. Starter diets were pelleted on a CPM Laboratory Model pellet mill using a 1/8" die while grower diets were pelleted on a CPM Master Model 30 hp commercial pellet mill using a pelleted starter diets decreased in bulk density with any 3/16" die. Because of a breakdown in the pelleting level of DDGS inclusion and remained almost constant, equipment, the finisher diets were in mash form. Each but with unexplainable increase in 20% DDGS. The dietary treatment was assigned to four replicate pens of density of pelleted grower diets also decreased 25 males each.
gradually as DDGS increased. However, the extent to Male chicks of a commercial broiler strain (Cobb 500) which mash finisher diets decreased in bulk density were obtained from a local hatchery where they had was much greater as compared to pelleted starter and been vaccinated in ovo for Marek's disease and had grower diets. In addition, the visual pellet quality i n received vaccinations for Newcastle Disease and starter and grower diets decreased as the amount of Infectious Bronchitis post hatch via a coarse spray. New DDGS increased. This was in agreement with our softwood shavings served as litter over concrete floors.
previous study (Wang et al., 2007a,b,c) . Twenty-five chicks were assigned to each of 24 pens in Varying DDGS inclusion levels significantly (P < 0.01) a broiler house of commercial design. Each pen was affected body weight gain, feed intake, and feed equipped with two tube feeders and an automatic water conversion but had no significant effect on mortality font. Supplemental feeders and waterers were used ( Measurements: The DDGS sample was analyzed for DDGS level included was as follows: crude protein, fat, fiber, ash, Ca, total P, Na and total amino acid content by commercial laboratories were in agreement with the nutrient matrix used i n Where Y = body weight (kg) and X = % DDGS. formulation. All mixed diets were analyzed for crude Feed intake was not significantly affected by DDGS protein, Ca, total P, Na and total amino acids by the during all the periods except of 0-14 d. During this same commercial laboratories that analyzed the DDGS period, feed intake generally increased as the level of sample. Bulk density (mass per unit of volume) of DDGS increased. No significant differences in feed mixed feeds was determined by weighing a intake among treatments were observed at 35, 42 and predetermined volume of feed. Body weights by pen and 49 d of age, even though the calculated energy content feed consumption during intervals were determined at of the diets decreased as the level of DDGS increased 14, 35, 42 and 49 d of age. Birds that died or removed to (Fig. 2) . Feed conversion was significantly increased at alleviate suffering were weighed to adjust feed all ages as the level of DDGS increased in the diet, with conversion. At the end of the study, five representative a sharp increase after the level of 20% (Fig. 3 ). birds per pen were processed for dressing percentage Calorie conversion ratio (CCR) expressed as ME kcal/kg and parts yield as described by Fritts and Waldroup gain, may be a more economically important estimate of (2006). the ability of the chick to utilize diets with different energy Statistical analysis: All data were subject to one-way (kcal/bird) and CCR are shown in Table 6 . Although ANOVA analysis (SAS institute, 1991) . Pen means were there were significant differences in energy intake at used as the experimental unit for growth performance, every age period, they were not necessarily linear in while e ach bird served as an experimental unit for relation to level of DDGS. Significant differences in CCR processing variables as the birds were processed in were observed at every age period. Except for the period random order. Mortality data were transformed to the of 0-14 d, the CCR remained relatively constant for diets square root of n + 1; data are presented as natural with up to 20% DDGS but increased significantly above numbers. All statements of significance were based on this level of DDGS. There was a steep increase in CCR P < 0.05. from d iets containing 30% to diets containing 50%
Results
Starter and grower diets were in pellet form, while finisher diets were in mash form. Generally, the bulk density of the diets in all different growth phases decreased as DDGS inclusion increased (Table 4 ). The body weight (kg) and every one percent of increasing 2 2 2 content (Saleh et al., 2004b) . Estimated energy intake DDGS (Fig. 4) . The effects of various levels of DDGS on processing parameters on 49 d are shown in Table 7 . With increasing DDGS levels from 0-50%, dressing percentage decreased linearly. Breast yield, a s percentage of live weight or carcass weight, was Discussion Waldroup et al. (1981) reported that when DDGS from beverage alcohol production was included into broiler diets with the ME content held constant, up to 25% DDGS could be used in broiler diets without reduction in body weight or feed utilization. When included in diets in which the energy content declined as the level of DDGs was increased, there was a decline in performance at DDGS levels of 15% or more. Dale and Batal (2003) suggested a maximum level of 6% DDGS from ethanol production in broiler starter diets and 12% in growerfinisher diets, while Lumpkins et al. (2004) stated that DDGS from modern ethanol plants could be safely used at 6% in the starter period and 12-15% in the grower and finisher periods. Dale and Batal (2003) do not indicate whether diets were formulated on total or digestible amino acid basis while Lumpkins et al. (2004) indicated that their diets were formulated on a total amino acid basis.
Results of the present study indicate that when formulated on digestible amino acid basis, good quality DDGS can be used in broiler diets at levels of 15-20% with little or no adverse effect on live performance, in agreement with previous studies from this laboratory (Wang et al., 2007a (Wang et al., , 2007b (Wang et al., , 2007c ) that demonstrated that good quality DDGS could be used in starter and grower broiler diets at levels of 15-20%, with even higher levels of 30% in the finisher diet. Although even higher levels of "new generation" DDGS could be used i n broiler diets without any negative impact on body weight Table 4 : Bulk density of starter, grower and finisher diets (g/cm ) and feed conversation, some processing parameters out that neither energy value nor density of the ration was might become worse, especially breast yield. Utilization an adequate criterion of the growth-promoting value of a of high levels of DDGS in broiler diets might result in ration; a value based on the ratio of energy to volume some loss of dressing percentage or breast meat yield, was a better guide. In this study, as in previous reports as observed in the present study and also by Wang et al. from this laboratory (Wang et al., 2007a; 2007b; 2007c ) (2007a , 2007b .
with different levels of DDGS DDGS inclusion levels, % ---------------------------------------------------------------------------------------------------------------------------------------------------------
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diets with higher levels of DDGS had a lower bulk Physical form of the diet may also influence the density, which may induce the feeling of fullness before acceptable level of DDGS in broiler diets. Birds attempt meeting their energy needs. Diets with higher levels of to consume feed to meet their metabolic energy DDGS did not pellet as well as did diets with no DDGS. requirement. Therefore, feed intake will increase a s Wang et al. (2007a) showed that inclusion of 30% DDGS dietary energy content decreases until it is limited by in the diet markedly reduced pellet quality. The positive either gut fill or other physiological limitations (Ferket relationship between pellet quality and performance of and Gernat, 2006). Saleh et al. (2004a) pointed out that broilers has been noted by many authors (Kilburn and the modern broiler is eating to maximum fill rather than Edwards, 2001; Greenwood et al., 2004 Greenwood et al., , 2005 ; McKinney to meet a specific caloric need. Mraz et al. (1957) pointed and Teeter, 2004) . In conclusion, the inclusion of up to 20% DDGS of in diets high in DDGS. Ability to produce a durable pellet known composition can be used in broiler diets may be one of the greatest factors limiting the use of formulated on a digestible amino acid basis with little or high levels of DDGS in diets for broilers. no loss in performance. Higher levels can be used but performance declines more rapidly than expected a t levels of 30% or more. Dressing percentage and breast meat yield appear to be very sensitive to inclusion of DDGS, even at levels of 20% in the diet. Further research is needed to examine the possible reasons for loss in breast meat yield and reduction in dressing percentage 1 a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the University of Arkansas and does not imply its approval to the exclusion of other products that may be suitable. To whom correspondence should be addressed. Waldroup@uark.edu 
